We tested the hypothesis that a light-evoked increase in [K+]0 produces a depolarization of the Muller cell membrane, which in turn generates the electroretinogram b-wave current. Using Bufo marinus isolated retinas and K+-selective microelectrodes, we recorded two distinct lightevoked increases in extracellular K+ concentration: one in the inner plexiform layer and the other near the outer plexiform layer; the "distal" K+ increase was found over only 10-,um depth and had a maximum amplitude of 0. tTo whom reprint requests should be addressed.
The b-wave of the electroretinogram (ERG) is a cornealpositive field potential of retinal origin that is of clinical importance in the assessment of retinal function. Based on a current-source-density analysis, the geometry of the radially oriented Muller (glial) cells, and the dominant K+ conductance, gK, of glial cells, Faber (1) and Miller and Dowling (2) hypothesized that the b-wave originated in the Muller cell response to a light-evoked increase in extracellular potassium concentration, [K+] 0, near the outer plexiform layer (OPL).
Although there are several variations of the original "K+/ Muller cell" hypothesis of the b-wave (3, 4) , central to all of them is the notion that a light-evoked increase in [K+] b near the OPL produces a localized depolarization of the Muller cell membrane, which acts as the dominant current sink and leads to the flow of b-wave currents through the extracellular space from current sources located on other parts of the Muller cell membrane. Because up to 95% of the membrane conductance in Muller cells is localized to the endfoot of the cell facing the vitreous humor (5, 6) , the membrane at the endfoot acts as the primary current source, and a current pathway is established that leads to extracellular current flow from the vitreal border of the retina to the OPL, resulting in the vitreal-positive b-wave (3).
Miller and Dowling (2) recorded from Muller [K+] o near the OPL appears to be too small and too slow to produce the b-wave (12) . Although this "distal" K+ increase is augmented by conditions that increase the b-wave and is attenuated by conditions that decrease the b-wave (8) (9) (10) , such results do not rule out the possibility that the distal K+ increase is due to the passive release of K+ by the Muller cells, as they depolarize in response to another transmitter. Recent experiments have found that Muller cells have both an electrogenic glutamateuptake system (13, 14) and y-aminobutyric acid (GABA) receptors (15) , and it has been suggested that light-evoked changes in glutamate or GABA release near the OPL could depolarize Muller cells and thereby could contribute to b-wave currents (13) (14) (15) MATERIALS AND METHODS Preparation and Solutions. All experiments were performed on the isolated retina preparation of the toad Bufo marinus, as described in detail (22) . Briefly, a dark-adapted toad was rapidly double-pithed, an eye was enucleated, and a small piece of retina was separated from the pigment epithelium. The tTo whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. microelectrode with a large beveled tip (-3 Am) was advanced through the retina to the vitreal surface, and the ERG was recorded between this microelectrode and the grounded reference electrode in the bathing solution. All electrode voltages were recorded and processed as described (22) . The retina was stimulated (full-field) by flashes of 500-nm light (22) .
RESULTS
The depth profile of the light-evoked change in [K+]k was characterized as a K+-selective microelectrode was advanced into the isolated retina from the receptor surface. As shown on the left side of Fig. 1 , a 100-ms flash of light evoked three distinct changes in [K] ,: a K+ decrease, which peaked 95 ,m below the receptor surface (4, 7, 22) , a distal K+ increase, which peaked 112 ,um below the receptor surface (4, (7) (8) (9) (10) , and a proximal K+ increase, which peaked 165 pm below the receptor surface (10, 25) . While the K+ decrease and the proximal K+ increase could be recorded over a large range of depths, the distal K+ increase was localized within only 10 pm, and its amplitude varied significantly with only a 1-to 2-pm electrode advancement (note that the waveforms in Fig. 1 are from very unevenly spaced depths).
The distal K+ increase was seen to be a different component from the proximal K+ increase because at depths just proximal to the amplitude maximum ofthe distal K+ increase (114-115 Aum in Fig. 1 ), the light-evoked increase in VK was smaller and had a slower rise time than at the amplitude maximum. This result eliminates the possibility that the distal K+ increase was due to diffusion of K+ from the proximal source (10) . In Fig. 3A . The initial parts of these waveforms were normalized to have the same peak amplitudes, and the normalized waveforms are shown on an expanded time scale in Fig. 3B . The b-wave and the Muller cell depolarization had comparable latencies, but the b-wave reached its peak earlier and decayed more rapidly than the Muller cell depolarization. The temporal relationship between these waveforms is similar to that predicted by Newman and Odette (3) in a computer simulation of the K+/ Muller cell hypothesis.
Newman and Odette's simulation also predicted that the waveforms ofthe b-wave and the distal K+ increase would be identical in time course (see figures 3 and 4 of ref. 3). We therefore compared the waveforms of the distal K+ increase and the b-wave in Fig. 3C (each of these waveforms was recorded from the same retina within a 15-min period). The initial part of each of these waveforms is shown on an expanded time scale in Fig. 3D . The b-wave had a much shorter latency and reached its peak much earlier than the distal K+ increase, and both of these results would appear inconsistent with the K+/Mulller cell hypothesis. However, the waveform of the light-evoked change in VK was not a true Fig. 3C (data not shown). The filtered ERG had both a longer latency and a later time-to-peak than did the original ERG. The filtered ERG and the distal VK waveform were normalized to have the same peak amplitudes, and when these waveforms were superimposed, they were very similar in time course, as shown in Fig. 3D . Based upon our measurements of the response times of the K+-selective microelectrodes, we know that the VK waveform must have been slower and smaller than the actual change in [K+] O, just as the b-wave of the low-pass-filtered ERG was slower and smaller than the actual b-wave. Consequently, from the analysis in Fig. 3D , we have strong reason to believe that the actual distal K+ increase had the same time course (latency, rise time, time-to-peak) as the b-wave. Our results shown in Fig. 3 , therefore, are consistent with the simulation of Newman and Odette (3) and are strong support of the K+/Muller cell hypothesis.
Superfusion with 0.2 mM Ba2+ decreases the amplitude of the b-wave in amphibian retina (20 (11) .
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The proximal K+ increase occurs over a range of retinal depths >30 ,um, so this dead space would have had only a minimal impact on the measured response, as K+ could diffuse to the electrode tip from all directions. Because the distal K+ increase is found only over a range of retinal depths of 1l0 um, the sources of K+ proximal and distal to the electrode tip could be within the dead space when the electrode tip is in the OPL. Therefore, K+ would have to diffuse to the electrode tip from lateral regions. In addition, diffusion of K+ through an increased extracellular space along the electrode track might be expected to have a greater effect in the distal retina than in the proximal retina because in the distal retina, the gradient of the light-evoked change in [K+] . along the electrode track is much larger than in the proximal retina.
The original simulation of the K+/Muller cell hypothesis (3) showed that if the distal K+ increase was assumed to be faster and larger than the response that had been measured by others at that time, it could generate a pattern of b-wave currents consistent with current-source-density measurements (31) . In this simulation, the distal K+ increase was required to have essentially the same time course as the b-wave. A revised simulation of this hypothesis (12) The distal K+ increase that we measure in toad retina is very similar in waveform to the distal K+ increase measured by Kline et al. (4, 7) in skate (Raja erinacea and Raja oscellata) retina. In many retinas, the distal K+ increase is seen only when the electrode is advanced in small steps (4, 9) , and this fact is consistent with our observations that the distal K+ increase is found over a range of depths <12 Aum. Newman (17) found that 0.05-0.5 mM Ba2' blocks gK in amphibian Muller cells in a dose-dependent manner. Because 0.2 mM Ba2' decreases both the Muller cell depolarization and the b-wave by -65% but has little effect on the distal K+ increase, we believe that these results are strong support of the K+/Muller cell hypothesis of the b-wave. Electrogenic glutamate uptake by Muller cells is not affected by 6.0 mM Ba2+ (13, 14) , and thus our results are inconsistent with a primary role for electrogenic glutamate uptake in the generation of the b-wave. However, we cannot exclude the possibility that mechanisms involving glutamate or GABA contribute to the fraction of b-wave current that is not blocked by 0.2 mM Ba2+.
In mammalian retinas, Ba2+ may actually increase the b-wave amplitude when injected intravitreally (18, 19) . The reason for this effect is unknown, but it is possible that any effect upon Muller cell gK could be offset by a Ba2+-induced enhancement of the distal K+ increase. We look forward to the results of experiments similar to ours performed upon mammalian retinas.
